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ei al.7 have discussed the solvent effect on fluorescence
and the separation of absorption and fluorescence
maxima on the basis of the ground and excited
state dipole moment of the molecules. Their results
show that shift in fluorescence as well as separation
is quite larger when the excited state has pronounced
increment in dipole moment. The present con-
clusions are quite in accordance with their findings.
The changes in fluorescence of TFT in acidic
medium are similar to those observed in the case
of aniline. When AnalaR H2S04 is added gradually
to aqueous solution of TFT, the fluorescence intensity
falls, the wavelength of maximum emission remain-
ing the same. All the isomeric TFT show weak
fluorescence even in strongly acidic solutions. In
the case of aniline this weak fluorescence has been
ascribed to an excited state ionization of the cation
by Bridges and Williams". At alkaline pH, the
intensity of the normal fluorescence decreases and
a new band near 420 nm appears. With increase
in basicity, the intensity of the normal fluorescence
decreases and that of the longer wavelength side
emission increases. This behaviour is similar to
that observed for aniline. This new band in the
case of aniline has been assigned to emission due
to aniline anion by Bridge and Williams". Van
Duuren" has discussed a similar effect in the case
of naphthalamine.
The total emission spectra in EPA glass at liquid
nitrogen temperature of all the isomeric TFT show
that in addition to an emission band near 330 nm,
another stronger emission band appears between
400 and 450 nm. The spectra recorded with phos-
phoroscope under the same condition show only
the longer wavelength band. This proves that
the stronger emission band between 400 and 450
urn is due to phosphorescence in all the three cases.
The relative intensities of fluorescence near 330
nm and the phosphorescence near 425 nm in the
total emission spectrum can be taken as proportional
to quantum efficiency since both were recorded
with same excitation and the detector sensitivity
in this narrow range is practically uniform. It is
observed that phosphorescence efficiency in meta-
and para-isomers is considerably higher than fluo-
rescence whereas in ortho-isomer both the properties
are comparable. It may be noted that the energy
separation between 51 and Tl which is one of the
factors determining intersystem crossing is practi-
cally the same in all the three isomers as shown
by spectral position. Lim and Chakraborti" have
shown that intramolecular charge transfer tran-
sitions make significant contribution to the spin-
orbit coupling and are important sources of intensity
for the phosphorescence of such molecules. They
have further remarked that the enhanced phos-
phorescence to fluorescence quantum yield ratios
of aromatic anions are due to such increased spin
orbit coupling. Present results, hence, show that
CFa group enhances the contribution of charge
transfer character compared to aniline on meta- and
para-isomers more than in ortho-isomer.
References
1. BERLMAN, B.!., Handbook of fluorescence spectra of
aromatic molecules (Academic Press, New York), 1971.
2. MCCLURE, D. S., j. chem. Phys., 17 (1949), 905.
526
3. KAHANE-PAILLOUS,J. chem, Phys., 57 (1960), 587.
4. SASTRI,M. L. N. & SPONER,H., j. chem, Phys., 20 (1952),
1428.
5. BRIDGES, ]. W. & WILLIAMS, R. T., Biochem, j., 107
(1968), 225.
6. VAN DUUREN, B. L., Chern. Res., 63 (1943), 325.
7. MATAGA,N., KAIFU, Y. & KorZUMI, M., Bull. chem, Soc.
Japan, 29 (1956), 465.
8. LIM, E. C. & CHAKRABORTI,S. K., J. chem, Phys., 47
(1967), 4726.
Crystal Data & Thermal Behaviour of
Morpholinium Aluminium Sulphate
[(morphH)2S04·AI2(S04h·24H20]
M. R. UDUPA
Departrneut of Chemistry
India, Institute of Technology, Madras 600036
Received 10 March 1975; revised 24 July 1975;
accepted 4 October 1975
The interaction of morpholinium sulphate and alu-
minium sulphate results in the formation of morpho-
linium sulphate aluminium sulphate [(morphH).SO,.
AI.(SO.)a-24H20). The X-ray powder diffraction pat-
tern indicates that the crystal belongs to cubic system
with a cell constant of 12·24A. The thermal behaviour
of the compound has also been studied.
AS ;1. part of our general study on the formation
and properties of double salts featuring mor-
pholinium and metal ions, the preparation and
characterization. by X-ray and thermal studies, of
morpholinium aluminium sulphate, [(morphH)2S04'
AI2(SOt)a.24H20] are reported in this note.
To a hot aqueous solut ion containing 13·3 g
AI2(S04)a,18H20 in 60 ml water was added 5·4 g
(morphH)2S04 in 15 ml water and a few drops (If
2N H2S04, The contents were stirred for 15 min,
the clear solution kept aside, the separated colourless
crystals filtered, washed with acetone and dried;
m.p. 94° (Found: C, 9·21; H, 6·48; N, 2·72; S, 12·28;
AI, 5·32. CsH6sN2S4042Al2 requires C, 9·18; H,
6·55; N, 2·67; S, 12·26; AI, 5-15%).
The X-ray powder diffraction pattern W;5 taken
on a Philip; PW 1041 Xvray diffractometer wing
CuK, radiation. The thermogravimctric analysis
was made in air using Stanton recording thermo-
balance at a linear heating rate of 6° min? in mullite
crucible container. The differential thermal analy- is
was carried out on a Netzsch differential thermal
analys -,-r using inert alumina 2.S reference material.
The heating rate of the furnace was kept at 10° mirr".
The Xvray diffraction pattern i~;indexed- for the
cubic svstcm and the unit cell dimension is calculated
to be t'2·24 A. The density of the crystal, measured
pyknometrically i . found to be 1-868 g crrr" while
that calculated for 4 formula units of (morphH)AI
(S04)2.12H20, from the unit cell constant is 1·895 g
cnr". The X-ray data suggest that the double salt
is isomorphous with the alum'] whose unit cell
length; vary from 12·13 to 12·70 A.
Depending on the packing, the alums are classi-
fied into a.-, ~- and y -Iorms", A bulky [HsCNHa]+
cation forms two types of methylammonium alums,
(H3CNH3)Al(S04 )2.12-H20 with unit cell lengths
12·17 and 12·48 A. Though 12·24 A is the unit cell
length value of ammonium alum, and due to the
bulkiness of morpholinium ion, the cell dimension
of morpholiniurn alum is expected to be greater than
12·24 A, it is suggested that morpholinium alum is
more densely packed.
The TG and DT A curves indicated that the de-
hvdration started at 95° and was complete by 200°.
The weight loss ob-crved at this stage W25 41·1%
and that expected for the loss of 24 moles of water is
41·3%. The endotherm at 95° is attributed to the
melting of the salt and those at 145° and 2000 are
due to the step-wi-.e removal of water though it is
not indicated in the TG curve under the conditions
of the experiment. In a separate experiment about
200 mg of the double salt was heated up to 200° and
was cooled to room temperature; within 24 hr the
anhydrous salt regained all the lost 24 moles of
water. Anhydrous salt grudually loses morpho li-
nium sulphate with further increase in temperature
and the re-iduc around 600° was found to be AI2(S04)3'
The weight loss observed at this temperature was
67% and that expected for the formation of A12(S04h
is 67·5%,. The two endotherms at 395° and 5300
are attributed to the decomposition of (morphH)2S04;
the former is due to the removal of H2S04 and the
latter is due to the decomposition of morpholine.
A12(S04)3 decomposes in the temperature range
700-860° to give Al203 as the end product. The
final weight loss observed was 90% and that the
expected for the formation of A1203 is 90·3 %. The
endotherm at 8600 is due to the decomposition of
AI2(S04)3 and the small exothcrrn at 900
0 is probably
due to the phase transformation of ,,(~OAI203 or
a~eA1203 according to Mackenzie and Berggern",
The author is grateful to Prof. O. Glrmser , Director,
Anorg. Chern. Institut, Gottingcn. West Germany,
for providing necessary facilities to carry out a part
of this work.
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A new component CuSO•.2Cu(OH)2.2Ca(OH)2.2H.Oof
cupric calcium sulphates (Bordeaux mixture), has been
identified in addition to CuSO•.4Cu(OH)z.6Ca(OH)e-2H.O
reported earlier. These two components of Bordeaux
mixture are blue in colour and form deep blue and
bluish green carbonates in the weight ratio of 1 : 2.5 on
passing carbon dioxide.
NOTES
THE reaction between copper sulphate and
calcium hydroxide in an aqueous medium
using 0,75 eq. of lime and 1 eq. of copper sulphate
was shown by Martin! to give a precipitate of tri-
basic cupric sulphate [CuS04.3Cu(OH)2.xH20]. The
X -ray studies and potentiometric titrations- of
the precipitation reaction of 0'021M aqueous calcium
hydroxide with O'021M copper sulphate indicated the
formation of stable compounds viz. CuS04.3Cu(OH)2'
CuS04.4Cu(OH)2 and 5CuO.S03.2CaO.7H20 at
pH 6·20, 8·20 and 12·5 respectively. Sat08
studied the reaction under normal atmospheric
pressure which yielded precipitates having the
compositions CuS04.3Cu(OH)2.2Ca(OH)2.2H20 along
with free CuS04.5H20 when 20 moles of copper
sulphate per 17 moles of calcium hydroxide were
used; and CuS04.3Cu(OH)2.6Ca(OH)2.2H20 with free
Ca(OH)2 when 20 moles of copper sulphate were
used for 21 moles of calcium hydroxide.
Since copper hydroxide has been kncwn to form
cupric hydroxy carbonates! in alkaline medium
having different compositions, e.g. malachite green
CuC03.Cu(OH)2 and azurite blue, 2CuC03.Cu(OH)2'
it W8S thought that the carbonation of the hydroxyl
group of cupric calciu.m sulphates of Bordeaux
mixture may result in the carbonates of its compo-
nent salts. Hence investigations were carried out
on the carbonated pre ducts of cupric calcium sul-
phates of the conventional Bordeaux mixture",
obtained from copper sulphate pentahydrate and
calcium hydroxide in the molar ratio of 1: 0·297.
The blue precipitate of cupric calciu.m sulphates of
Bordeaux mixture on carbonation yielded two
compounds having the formulae (a) CuS04.2CuC03·
2CaC03.2H20 and (b) CuS04.4Cl1C03.6CaC03.2H20
and these corresponded to the respective composi-
tions of (i) CuS04.2Cu(OH)2.2Ca(OH)2.2H20 and
(ii) CuS04.4Cu(OH)2.6Ca(OH)2.2H20 in the original
Bordeaux mixture. These compounds when present
in Bordeaux mixture were both blue in colour and
formed deep blue and bluish green carbonates
respectively when treated with carbon dioxide
and the pH value of the hydrogen reduced from
12·4 to 8·0. This observation demonstrates that
these two compounds coexisted in the Bordeaux
mixture as separate phases at the time the polybasic
cupric calcium sulphate precipitated. After carbo-
nation these compounds were separated by elu-
triation as their carbonates differed considerably
in their bulk densities. Further, these compounds
were found in the ratio of 1: 2·5 by weight as a: b.
The compound CuS04.2Cu(OH)2.2Ca(OH)2.2H20
which formed deep blue carbonate on carbonation,
has been identified as one of the two stable com-
ponents of Bordeaux mixture. The reaction in the
case of the component identified can be written as:
H,O
3CuS04·5H20+4Ca(OH)2-~CuS04·2Cu(OH)2·
2Ca(OH)2·2H20+2CaSOt·2H20
The author is thankful to Shri S. K. Majumder
for discussion and valuable suggestions.
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